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B The project LIFE-IP 4 NATURA

LIFE-IP 4 NATURA v enhance Greece’s nature conservation framework
v" ensures the country’s compliance with the European

. Union’s nature legislation
{ouue
Natura 2000 v integrates actions covering all aspects of nature

protection: policy, economy, society and science.
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Introduction: Background and Motivation

LULC products:

proxies for Ecosystem Types
key input for ES models

EO data:

* spatially continuous, timely and accurate information
= global, continental and regional LULC products

Large scale LULC efforts
limitations:

diverse input data
accuracy variability

coarse update intervals
coarse thematic resolution
coarse MMU

Technology:

v EO imagery:

open-access
medium-high spatial resolution
high temporal resolution

v Cloud computing platforms

v" ARD

Athens, Wednesday, May, 22
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Introduction: Main objectives

v classification workflow
v'fine-scale LC product for ES mapping

= EU MAES, EU Biodiversity Strategy to 2020

= 21 classes (MAES 3™ |evel)

= 10m Sentinel-1 and Sentinel-2

= OBIA

= use of Copernicus geospatial information for collecting reference data

Additional objectives

v/ 2 training data extraction strategies (manual VS automated)
v’ 2 temporal compositing strategies (seasonal VS monthly)
v' different features for classification

Athens, Wednesday, May, 22
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Introduction: Study area - Greece

= ~131,957 km?

= ~78% mountains

= |argest coastline in EU

= highly diverse landscape

= multiple climate classification
= |arge Ecosystem variety

= forests ~¥37%

Only CORINE and Ecosystem Type Map of
Europe available

Athens, Wednesday, May, 22



. Ecosystem type map of Greece outside Natura 2000 SACs

CD {olpue
Matura 2000

Methodology: Overall workflow

5.Classification
6. Accuracy
assessment

.4.Class

correspondence
.S.Feature creation

and sample
generation
2.Segmentation

6 classifications:

Sampling

*S2 L2A bands excluded

A Compositing Set Features Abbreviation
.1.Temp0ral
composites 1 Manual Seasonal Full 144 M-S-F
creation 2 Manual Seasonal Reduced* 84 M-S-R
3 Manual Monthly Reduced* 168 M-M-R
4 Automated Seasonal Full 144 A-S-F
5 Automated Seasonal Reduced* 84 A-S-R
6 Automated Monthly Reduced* 168 A-M-R

Athens, Wednesday, May, 22
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Matura 2000

C

Methodology: Overall workflow

1.Temporal composites creation =%

2.Segmentation=

3.Feature creation=-

Sentinel-2 L2A nel-: Sentinel-2 L1C
2019 (May to Seal:ydzgllézn 2019 (June to
October) August)

| | |

Select all images

(up to 100%
doudcoyerage)

Mask douds and
cloud shadows Sentinel-1 IW
with QA60 band GRD 2019
and Scene (May to
Classification Map October)
I -
Ten:moral Ten]Doral

based

calact 10m
bands

SNIC
segmentation

¥
¥
Sentinel-2 L2A Sentinel-2 L1C Sentinel-1 IW
temporal temporal GRD temporal EU DEM Raster
compaosites composites composites 2000 objects
Calculate Calculate TC Calculate Calculate
multispectral coeffidentsand Coiculare slope,
indicas N TRASP
(reNDVI, NDWI,
GRVI, NDREI,
MSI, EVI)

Correlation for

Compute GLCM
B2, window 7x7

Compute GLCM
Correlation for
BCI, window 3x3

| L )|

Correlation for W,

Compute GLCM
VH window 7x7

a) seasonal b) monthly

ase p
on median values, on minimum valu

Compute
GLCM and
PANTEX

RF
clagsifications

Classified
images

Optimal
ntree, mty

. 6 classified images

6.Accuracy Assessment <

Validation
samples

¥ ¥

Classified Validation
images samples

Stratified random
sub-sampling
150 objectsper

class

Automated Manual training
training samples samples

Creale confusion
matrices and
calculate DA, PA, Reference
UA ICSI dasses
raster

Buffer Greace HQ
mask outwards boarder fe‘:t(f:rglsl
2km vector
Collection with indices, Calculate mean
- i - texture features, DEM S
Sentinel-2 L2A Sentinel-2 L1C Sentinel-1 TW features, and object and stdDev for Collection
temporal temporal GRD temporal shape features each object with object
composites composites composites features
5.Classifications & : 4.Sample Generation=>
: —r— Class correspondance
¥ ¥
Automated Manual training ) Collection
training samples samples Object with object
seeds features
Find optimal -F .
ntree and i
Collection miry Stratified random
with object sampling 500
features objectsper class Natura2000

2018 Sparsely
Vegetated

Athens, Wednesday, May, 22
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Methodology: Satellite data and preprocessing «c ©

v GEE data catalogue 2.Segmentation

° 1. Temporal
composites creation

Data range Clouds, cirrus and
shadows

S2 L2A May - October 2019 sen2cor scene @:omoosite method:
+ May 2018 classification map mediF;n '
S2L1C June - August 2019 QA60 band & solar
azimuth and zenith
S$1 GRD g, May - October 2019 -
ascending and
descending

Segmentation: Simple Non-lterative Clustering (SNIC) on 10 m S2 L2A July composite (bands B2,
B3, B4, BS)

Athens, Wednesday, May, 22
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Methodology: Feature extraction

o 9
(
3.Feature
creation
Feature Name StatlSSlC pes BeefInfex Data Source K
Object Formula
Original Bands
-B2, B3, B4, B5, B6, B7, B8, B8A, B11, B12 Mean, stdDev - S21L2A
-VV, VH Mean, stdDev - S1IW GRD
Spectral indices
-reNDVI Mean, stdDev gt S212A
-NDWI Mean, stdDev Sl S2L2A
-GRVI Mean, stdDev g8l S212A
-NDRBI Mean, stdDev fets S2L2A
-MSI Mean, stdDev gL S212A
-EVI Mean, stdDev 25 B8 — B4 S2 L2A Statistic per Brief Index
BS T 6B4 - 7582 ¥ 1 Feature Name Object Formula Data Source
-TC Brightness Mean, stdDev S2L1C - -
“TC Greenness Mean, stdDev S2LIC _ Object shape properties
-TC Wetness Mean, stdDev S2L1C -Perimeter, -Area
-BCI Mean, stdDev S2L1C -Form factor i
-VV/VH ratio Mean, stdDev “% S1IW GRD -Square pixel metric 1- “—P‘@
oSt -Fractal dimension In($)
-B27 x 7 GLCM Correlation Mean S212A 2TmA
-PANTEX Mean S212A -Shape index i
-BCI 3 x 3 GLCM Correlation Mean S2L1C -
-VV 7 x 7 GLCM Correlation Mean S1IW GRD . Ancillary data
VH 7 x 7 GLCM Correlation Mean S1IW GRD -Elevation, -Slope, -TRASP Mean EU-DEM

Athens, Wednesday, May, 22
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Methodology: Classification scheme o ®

() 4 Class
Correspondence
-
MAES Ecosystem MAES Ecosystem Ecosystem Types for Mapping and -
Category (Level 1) Category (Level 2) Assessment in Greece (Level 3) Code Data Source Data Source Classes ... e
'
Dense to medium dense Urban Fabric _ ¢ Urben Shrubs '
Urban (IM.D. 30-100%) L1 HRL =>30% ¢ Samples samples :
Low density Urban Fabric (IM.D. 0-30%) 112 HRL <30% ' e :
L)
Cropland Arable land 211 LPIS, CLC LPIS: 40, CLC: 2.1 ' /imperviousness ;‘:fg’g&%‘; -
Permanent crops 221 LPIS, CLC LPIS: 50, 60, 70, CLC: 2.2 b / 2015 ¢ l""‘"" '
Temperate deciduous forests 311 N2K 9110, 9130, 9140, 9150, 9180, G91K, G91L 4 Samples Samples '
Mediterranean deciduous forests 312 N2ZK 91M0, 9280, 9250, 9310, 9350, 9260, 925A 1 :
[
Floodplain forests (Riparian forest/Fluvial forest) 321 N2K 92A0, 92C0, 92D0, 91E0, 91F0 1 LPIS 2018 23:;“;32003 :
ars ™
Woodland and forest Temperate mountainous coniferous forests 331 N2K 9530, 951B, 91BA, 91CA, 95A0, 9410 : Crops Wetlands Vege?ated ./ :
Mediterranean coniferous forests 332 N2K 2270, 9540, 9560, 9290 : & Water '
Mediterranean sclerophyllous forests 341 N2K 9340, 934A, 9320, 9370 ! CLC 2018 :
[
Mixed Forest 351 N2K 9270 ' Crops Natura2000 :
' Forest 2018
6110, 6170, 6220, 6230, G628, 6290, 62A0, M -{
— Grassland Grasslands 1411 N2K 62100, 6420, 6430, G645, 6510, 6514, 1070 ¢ Samples Weg':rtledrs & :
errestria
Moors and heathland 511 N2K 4060, 4090, 5360, 5420, 5430 b Grasslend '
Samples '
Heathland and shrub Sclerophyllous vegetation 521 N2K 2250, 5110, 5150, 5160, 5210, 5230, 5310, ) Natura2000 '
erophylious vegetatio - 5330, 5340, 5350 : 2018 Forest '
b Natura2000 4
, 2 , 9620, ' Grasslands
1210, 1240, 1410, 2110, 2120, 2220, 2230, ! :
Sparsely vegetated Beaches, dunes, sands 6.2.1 N2K '
2210, 2180 $ . - '
Bare rocks, bt..!rnt areas, mines, dump, land 63.1 N2K 1030
without current use
" 72A0, 72B0, 2190, 1310, 1410, 1420, 1430, . .
s iland reswaterand saline marshes 711 Nak 1510, 1440 It was challenging to harmonize the
Peat bogs 721 N2K 7140, 7210, 7220, 7230 I . I I . d | . h h
Marine arine Marine a1 oK 110, 120,130, 1150, 160,117, 150, ecologically- Interprete classes with the
Freshwater Rivers and lakes Rivers and lakes 8.1.1 N2K 3130, 3140, ‘;;:g’ ggg’ zi‘;g’ 3250, 3260, LU LC C I a S S Ifl Ca t I O n S C h e m e S Of d Iffe re nt

Athens, Wednesday, May, 22
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Matura 2000

Methodology: Reference data

v

f
|
i
|

Stratified random
sampling 500
objectsper class

4. Sample
generation

+

]' Manual
correction

Stratified random
sub-sampling
150 objectsper

class

/ .
| Ve |

|

¥

{

Mask E (
validation
samples ; 1 _

Manual
correction

S—

Automated
training sampies /

Manual training

samples

/

manual sampling approach

manually correcting automated samples

Athens, Wednesday, May, 22
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Methodology: Classification and accuracy assessment

* Random Forests

o & * confusion matrix & derived standard accuracy
° 5.Classification measures
6. Accuracy
assessment * OA
* PA
* UA

* Individual Classification Success Index (ICSI)

ICSI = UA%; + PA%; — 100

Athens, Wednesday, May, 22
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Results

-,
200 km

Legend l

Il Dense to medium dense Urban Fabric (IM.D. 30-100%) 1.1.1 [Jll Temperate mountainous coniferous forests 3.3.1 | Sparsely vegetated areas 6.1.1

- Low density Urban Fabric (IM.D. 0-30%) 1.1.2 - Mediterranean coniferous forests 3.3.2 D Beaches, dunes, sands 6.2.1

[ | Arable land 2.1.1 Il Mediterranean sclerophyllous forests 3.4.1 [T Bare rocks, burnt areas, mines, dump, land without current use 6.3.1

[T permanent crops 2.2.1 [ ] Mixed Forest 3.5.1 [T Inland freshwater and saline marshes 7.1.1

[ ] Temperate deciduous forests 3.1.1 [ | Grasslands 4.1.1 Il Peat bogs 7.2.1

[ Mediterranean deciduous forests 3.1.2 [~ ] Moors and heathland 5.1.1 B Marine 7.3.1

I Floodplain forests (Riparian forest/ Fluvial forest) 3.2.1 || Sclerophylious vegetation 5.2.1 [ ] Rivers and Lakes 8.1.1

Athens, Wednesday, May, 22
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Results - Accuracy

M-S-F M-S-R M-M-R A-S-F A-S-R A-M-R

Class PA UA ICSI PA UA ICSIf[PA UA ICSIJPA UA ICSI PA UA ICSI PA UA ICSI

84 83 67 82 84 66 |82 8 67 |[9% 60 56 9% 59 55 96 59 55

93 8 |73 93 81 74 |93 83 |76 |45 92 (37 43 92 (35 43 92 | 35
211 9 8 (77 8 8 75 |91 88 |79 91 79 70 91 78 69 93 8 73
§2240 80 81 61 84 8 69 |8 8 70 |83 74 57 8 73 57 8 78 64
Rl 55 2 BB s 81 91 84 75 89 74 63 8 74 61 90 8 71

77 79 79 79 78 57 [80 66 46 79 66 45 80 65 45

68 64 60 74 81 73 138 6 73 41 67 75 42

82 77 77 83 76 8 66 79 82 61 79 8 62

81 74 79 84 79 74 59 8 78 63 8 79 62

37 62 67 48 68 63 118" 57 61 [18 57 60 |17
351 58 78 80 60 78 72 {30 57 71 |28 69 76 45
411 75 75 76 77 75 75 5 78 76 54 79 75

48 6l 63 51 62 [130 51 55 52 55 56

46 39 44 46 44 55 - 48 54 ' 49 53

87 72 73 9 75 65 78 62 8 78 61 8 78

62 76 75 71 77 48 |69 65 34 70 63 3 70 62

| 90 83 84 88 8 70 38 92 30 36 97 33 35 9

81 76 76 89 8 71 |87 8 72 8 8 71 8 86

81 100 | 100 78 |81 100 81 |66 100 66 66 100 66 63 100 63

98 99 97 99 97 99 98 100 99 100 97 100 9
811 93 98 95 98 95 98 97 98 . 95 99 9% 99 | 8
OA 77.33 78.67 79.55 74.89 74.61 75.64

::r:::;:ﬁ Compositing Fe::: e N:en;iiggf Abbreviation
1 Manual Seasonal Full 144 M-S-F
2 Manual Seasonal Reduced* 84 M-S-R
3 Manual Monthly Reduced* 168 M-M-R |
4 Automated  Seasonal Full 144 A-S-F
5Automated Seasonal Reduced* 84 A-S-R
6 Automated Monthly Reduced* 168 A-M-R

*S2 L2A bands excluded

Athens, Wednesday, May, 22



. Ecosystem type map of Greece outside Natura 2000 SACs {

Edw Jolpe

Matura 2000

Results - Accuracy

M-S-F M-S-R M-M-R A-S-F A-S-R A-M-R
Class PA UA ICSIPA UA ICSIPA UA ICSIPA UA ICSIPA UA ICSIPA UA ICSI
84 8 82 84 66 82 8 67 9% 60 56 9 59 55 96 59
93 80 93 81 |74 93 83 |76 45 92 |37 43 92 |35 43 R
90 87 89 8 75 91 88 |79 91 79 (70 91 78 69 93 80
180 81 84 85 69 84 8 70 8 74 57 84 73 57 8 78
N 55 82 8 81 67 91 8 75 89 74 63 8 74 61 9% 81
77 79 75 79 54 79 78 57 80 66 46 79 66 45 80 65
68 64 72 60 |32 74 81 55 65 73 |38 73 41 67 75
82 77 84 77 61 83 76 59 81 85 66 82 61 79 83
81 74 84 79 85 74 78 63 83 79
37 62 8367 55 63 61 (18 57 60
58 78 63 80 58 72 71 (28 69 76
75 75 76 76 78 75 76 54 79 75
48 6l 9 63 52 51 52 55 56
46 39 9 4 48 55 48 54 9 53
87 72 88 73 84 78 8 78 61 8 78
62 76 69 75 69 65 70 633 70 62 32
9 83 91 84 38 92 3 97 33 35 9% | 31
81 76 78 76 87 85 8 8 71 88 8 | 74
81 10081 78 100 78 81 100 81 66 100 66 66 100 66 63 100 63
98 9 97 99 97 9 98 100 99 100 97 100
811 93 98 95 98 95 98 97 98 95 99 9% 9
OA 77.33 78.67 79.55 74.89 74.61 75.64

monthly instead of seasonal improved
13 classes

low accuracies for 5.x.x and 3.4.1 in all
classifications

Athens, Wednesday, May, 22
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Results - Confusion matrix

v" Confusion matrix for best performing classification (M-M-R)

Classification
2117221 3.1 351 411 511 5210644 6.2.1/631 7.1.1 SN 811 \/ . e . .
= 10 — } in all classifications, confusion between:
214 1 1. 91 1 11 1 2, 1. 4
223 1 3 8 1 2 2 3 3
3.1.1 91 5 1 1 4 A 1
i 7 99 2 A 3: 4 1 3
2 2 3 1 1 4 2 2 13
1 83 5 1 6 1 3
i 1 1 1 3 84 2 1 5 2 sclerophyllous
£ 1. 9 4 2 4 7 48 27 1 vegetation
£ "351 14 21 60 1 4 (5.:2.1)
e ode
S 411 1 1 77 6 2 10 1
5.1.1 s O O (R | 1 | 14 51 4 14 8
5.2.1 1 1 & 1 5 6 13 1 3 7 4 6 1
1 3 5 90 1 1 moors and
1 5 7 2 22 heathland (5.1.1)
| 2 1 1 8 1
2 1. 5 1 89
3 13 3 81
3 97
! 5 . sparsely
mixed forest grasslands
(3.5.1) 4.1.1) Ll

areas (6.1.1)

temperate

deciduous
forests
(3.1.1)

Athens, Wednesday, May, 22
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Results - Visual assessment

v" Confusion matrix for best performing classification (M-M-R)

= minor differences between different
feature sets

= considerable differences between
different sampling techniques

automated sampling:

overestimation of mixed forests (5.3.1) and
Mediterranean coniferous forests (3.3.2),
underestimation of low density urban
fabric (1.1.2)

Legend

Il Dense to medium dense Urban Fabric (IM.D. 30-100%) 1.1.1 [ | Grasslands 4.1.1

[ Low density Urban Fabric (IM.0. 0-30%) 1.1.2 || Moors and heathland 5.1.1

[ ] Arable land 2.1.1 || Sclerophyllous vegetation 5.2.1

|:| Permanent crops 2.2.1 - Sparsely vegetated areas 6.1.1

[ ] Temperate deciduous forests 3.1.1 [ Beaches, dunes, sands 6.2.1

I Mediterranean deciduous forests 3.1.2 [ Bare rocks, bumt areas, mines, dump, land without current use 6.3.1
B Fioodplain forests (Riparian forest/ Fluvial forest) 3.2.1 [ tnland freshwater and saline marshes 7.1.1
[ ] inous caniferous forests 3,3.1 Bl et bogs 7.2

- Mediterranean coniferous forests 3.3.2 - Marine 7.3.1

- Mediterranean sclerophyllous forests 3.4.1 :| Rivers and Lakes 8.1.1

[ ] Mixed Forest 3.5.1

Athens, Wednesday, May, 22
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Results - Visual assessment

manual sampling:
arable land (2.1.1) was frequently classified
as floodplain forests (3.2.1)

Legend
Il D=nse to medium dense Urban Fabric (IM.D. 30-100%) 1.1,1 Grasslands 4.1.1

[ Low density Urban Fabric (IM.D. 0-30%) 1,1.2

L Arable land 2.1.1

[T permanent crops 2.2.1

: Temperate deciduous forests 3.1.1

[ Mediterranean deciduous forests 31,2

I Fioodplain forests (Riparian forest/ Fluvial forest) 3.2.1
- Temperate mountainous coniferous forests 3.3.1
- Mediterranean coniferous forests 3.3.2

- Mediterranean sclerophyllous forests 3.4.1

Mixed Forest 3.5.1

[_| Moors and heathland 5.1.1

[ | sclerophylious vegetation 5.2.1

[ sparsely vegetated areas 6.1.1

|: Beaches, dunes, sands 6.2.1

- Bare rocks, burnt areas, mines, dump, land without current use 6.3.1
[ 1tnland freshwater and saline marshes 7.1.1

Bl Feat bogs 7.2.1

Bl Marine 7.3.1

|:| Rivers and Lakes 8.1.1

monthly features instead of seasonal
created errors in high-moisture agriculture
areas

a

Athens, Wednesday, May, 22



. Ecosystem type map of Greece outside Natura 2000 SACs { ) E8w Zotpe

Results - Visual assessment

Legend
0 5 10 km o
L | | - Dense to medium dense Urban Fabric (IM.D. 30-100%) 1.1.1 | | Grasslands 4.1.1
[ Low density Urban Fabric (IM.D. 0-30%) 1.1.2 [T Moors and heathland 5.1.1
| Arable land 2.1.1 [ sclerophylious vegetation 5.2.1
[ permanent crops 2.2.1 [ sparsely vegetated areas 6.1.1
|| Temperate deciduous forests 3.1.1 || Beaches, dunes, sands 6.2.1
I Mediterranean deciduous forests 3.1.2 [ Bare rocks, bumnt areas, mines, dump, land without current use 6.3.1
I Floodplain forests (Riparian forest/ Fluvial forest) 3.2.1 |~ | Inland freshwater and saline marshes 7.1.1
Il Temperate mountainous coniferous forests 3.3.1 Il Peat bogs 7.2.1
I Mediterranean coniferous forests 3.3.2 Bl Marine 7.3.1
I Mediterranean sclerophylious forests 3.4.1 [7] Rivers and Lakes 8.1.1

Mixed Forest 3.5.1 Athens, Wednesday, May, 22
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Results - Visual assessment

Legend

0 5 10 km

L | | - Dense to medium dense Urban Fabric (IM.D. 30-100%) 1.1.1 Grasslands 4.1.1
[ Low density Urban Fabric (IM.D. 0-30%) 1.1.2 [ Moors and heathland 5.1.1
T Arable land 2.1.1 [ Sclerophylious vegetation 5.2.1
[ permanent crops 2.2.1 [ sparsely vegetated areas 6.1.1

- [ Temperate deciduous forests 3.1.1 Beaches, dunes, sands 6.2.1

I Mediterranean deciduous forests 3.1.2 Bare rocks, burnt areas, mines, dump, land without current use 6.3.1
- Floodplain forests (Riparian forest/ Fluvial forest) 3.2.1 | | Inland freshwater and saline marshes 7.1.1
Il Temperate mountainous coniferous forests 3.3.1 Il Peat bogs 7.2.1
I Mediterranean coniferous forests 3.3.2 Bl Marine 7.3.1
Il Mediterranean sclerophylious forests 3.4.1 |7 Rivers and Lakes 8.1.1

Mixed Forest 3.5.1 Athens, Wednesday, May, 22
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Results - Visual assessment

0 5 10 km Hegend
| | | Il Dense to medium dense Urban Fabric (IM.D. 30-100%) 1.1.1 | Grasslands 4.1.1
[ Low density Urban Fabric (IM.D. 0-30%) 1.1.2 | Moors and heathland 5.1.1
] Arable land 2.1.1 "] Sclerophylious vegetation 5.2.1
[ permanent crops 2.2.1 [ Sparsely vegetated areas 6.1.1
[ ] Temperate deciduous forests 3.1.1 | Beaches, dunes, sands 6.2.1
- Mediterranean deciduous forests 3.1.2 Bare rocks, burnt areas, mines, dump, land without current use 6.3.1
I Floodplain forests (Riparian forest/ Fluvial forest) 3.2.1 [ Inland freshwater and saline marshes 7.1.1
Il Temperate mountainous coniferous forests 3.3.1 Il Peat bogs 7.2.1
Il Mediterranean coniferous forests 3.3.2 Bl Marine 7.3.1
I Mediterranean sclerophylious forests 3.4.1 | Rivers and Lakes 8.1.1

|| Mixed Forest 3.5.1 Athens, Wednesday, May, 22
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Results - Visual assessment

[ Low density Urban Fabric (IM.D. 0-30%) 1.1.2
[] Arable land 2.1

[] Permanent crops 2.2

[_] Heterogeneous agricultural areas 2.3

[_] Temperate deciduous forests

[ Mediterranean deciduous forests

I Floodplain forests (Riparian forest/ Fluvial forest)
Bl Temperate mountainous coniferous forests

B Mediterranean coniferous forests

B Mediterranean sclerophyllous forests

[ Mixed Forest

[ Natural grasslands with trees and scrubs (T.C.D. > 30%)
[_] Moors and heathland 5.1.1

[] Sclerophyllous vegetation 5.2.1

[ Sparsely vegetated areas 6.1.1

[ Mines, dump, land without current use 6.4.1
[ Rivers and Lakes

Athens, Wednesday, May, 22
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Results - Variable importance

v Most important variables

¢ topographic features —— elevation, slope, TRASP

» area, form factor, fractal

**» object properties
** SAR VV/VH ratio
**» only SWIR (B11) S2 spectral bands

Average feature ranking by Gini Index

elev-mean
slope-mean
S$3-NDRBI-mean
TRASP-mean
area
S2-RATIO-mean
S4-NDRBI-mean
$2-NDRBI-mean
S$3-RATIO-mean
$3.8CI-mean
S$3-GRVI-mean
53-8Bri-mean
S4-MSiI-mean
S$4-GRVI-mean
S3-PANTEX-mean
S&-reNDVI-mean
S4-RATIO-mean
54-811-mean
S2-GRVI-mean
$3-Gree-mean

o

(S-F)

1000 2000 3000

Mean Decrease Gini

Average feature ranking by Gini

elev-mean
slope-mean
$3-NDRBI-mean
TRASP-mean
S3-Bri-mean
$3-BCl-mean
S2-NDRBI-mean
S2-RATIO-mean
S2-EVIi-mean
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Discussion
First national scale LC mapping Contribution
v'complex classification scheme * end-to-end automated workflow, for annual LC
v'ecological-relevant classes mapping in Greece
= ecosystem condition and ES mapping and assessment
OBIA: * roadmap for the further development
v'accounts for geolocation offset
v'accounts for cloud masking
errors
v'exploitation of object
properties
RF: —
v ability to handle highly Key findings
correlated multidimensional data * EO data alone are not adequate for predicting and
mapping the complex Mediterranean landscape
Lower accuracies in classes covering * automated sampling not so efficient in complex and
different ecosystem types but similar ecological-relevant classification schemes
spectral responses = ecological
modeling needed
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Article

National Scale Land Cover Classification for
Ecosystem Services Mapping and Assessment,
Using Multitemporal Copernicus EO Data and

https://doi.org/10.3390/rs12203303 Google Earth Engine

Natalia Verde (7, Ioannis P. Kokkoris **, Charalampos Georgiadis !, Dimitris Kaimaris ',

Panayotis Dimopoulos **, Ioannis Mitsopoulos * and Giorgos Mallinis '>*
! Shool of Rural and Surveying Engineering, Lab y of Photog try and R Sensing Unit
(PERS lab), The Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece; nverde@auth.gr (N.V.);
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check for
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Abstract: Land-Use/Land-Cover (LULC) products are a common source of information and a key
input for spatially explicit models of ecosystem service (ES) supply and d d. Global, continental,
and regional, readily available, and free land-cover products generated through Earth Obsen'auon
(EO) data, can be potentially used as relevant to ES mapping and assessment processes from regional to
national scales. However, several limitations exist in these products, highlighting the need for timely
land-cover extraction on demand, that could replace or complement existing products. This study
focuses on the development of a classification workflow for fine-scale, object-based land cover
mapping, employed on terrestrial ES mapping, within the Greek terrestrial territory. The processing
was implemented in the Google Earth Engine cloud computing environment using 10 m spatial

° resolution Sentinel-1 and Sentinel-2 data. Furthermore, the relevance of different training data
htt ps ://glt h u b ° CO m/n 'Ve rd e/ LI F E- I P 4 N ATU RA extraction strategies and temporal EO information for increasing the classification accuracy w§s also
evaluated. The different classification schemes demonstrated differences in overall accuracy ranging
from 0.88% to 4.94% with the most accurate classification scheme being the manual sampling/monthly
feature classification achieving a 79.55% overall accuracy. The classification results suggest that
existing LULC data must be cautiously considered for automated extraction of training samples,
in the case of new supervised land cover classifications aiming also to discern complex vegetation
classes. The code used in this study is available on GitHub and runs on the Google Earth Engine
web platform.

Keywords: remote sensing; seasonal; Random Forests; OBIA; machine learning; big data;
multispectral; radar; GEE; object
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Workflow

- —

_________________ g N
4 — Dataset ~————————————~ ~ (’ ™\ T . geCognition“‘ ~\
/// \ , Training Sample | /  OBIA \
{ EU-DEM, CLC, N2K \I | (N2K, habitat map Natura | |I Random Forest |
I . | { 2000) , | :
I OQQFDICMUHE I SN ! |+ MAES Ecosystem types (level 2) |
: ' ' : ‘ ST ~ |+ Spectral Bands & Indices, |
- I .
: @ sentinel-2 Pl : : Validation Sample | | Elevation, Slope, TRASP :
| | : (N2K, Google Earth, VHR) : | |
| -
: : l\ __________________ / : |
__________ . |
: : |r Visual interpretation GIS ] \ Accuracy Assessment /
| | (historical orthophotos) l N\ /S
\ /

Ecosystem types maps |
1945, 1996, 2007, 2022 /

e

/

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22



. Ecosystem type maps at local (case study) scale / large scale @@ ESc Jodpe

Data inputs

| Geospatialdata

4 European Digital Elevation Model, EU-DEM

v/ CORINE Land Cover (CLC)

v Natura 2000 (N2K)

v/ Habitat map of Natura 2000 terrestrial areas (National Cadastre and Mapping Agency) (1:5000)

v’ Sentinel 2 L2A | August 2022 | 10m
v PlanetScope August 2022 | 3m

4 Orthophotos 1945 1m

v Orthophotos 1996-1998 | 1m
v Large Scale Orthophotos | 2007 0,5m

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22
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Classification Scheme
v" 11 classes based on MAES-Level 2 ecosystem types

Urban l Cropland Grassland

A—

e

Burned areas

Burned areas Moderate severity
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Reference Data

' Training Sample ]

v Natura 2000 (N2K)
v" Habitat map of Natura 2000 by the National Cadastre and Mapping Agency (1:5000)

' Validation Sample

v Google Earth
v" VHR IMAGE 2018

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22
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Feature Extraction

| SpectralBands |

r

v’ Blue
v’ Green
v’ Red
v’ Near Infrared - NIR

v NDVI

v NDWI

v NDS|

v" Elevation
\/Slope
v" TRASP

Qfe
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GO

Edw Jolpe

Matura 2000

Classification

v Object Based Image Analysis-OBIA

! td ¥ X
(i v 4
t e .
o (" 7 - E .
) ; 'étt.,";!"‘ p
T ‘.A' =, i

Segmentation Scale

Shape Compactness Image Layer
level parameter criterion criterion weights
1 20 0,1 0,5 1,1,1,1
2 40 0,1 0,5 1,1,1,1
3 80 0,1 0,5 1,1,1,1

v Random Forest algorithm

eCognition’
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Visual Image Interpretation

v Air photos 1945 -1996 : Manual interpretation on screen digitising
v Air imagery 2007: Manual interpretation on screen digitising

1945 2007

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting LIFE IP 4 Nature in Greece Athens, Wednesday, May, 22
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Ecosystem types analysis
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Workflow
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Data sources

v CHELSA

4 European Soil Data Centre — ESDAC
v" World Soil Information - ISRIC

v European Digital Elevation Model,

EU-DEM

v’ Joint Research Centre- JRC
4 Ecosystem type maps

(1945-1996-2007-2022)
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Ecosystem Services

| CarbonStorage

I l and tradeo! s I
‘ Ciotal = 2 A; X (Cabove + Chetow + Csoir + Cdead) 1

R A4 Input data | L=1 | Output data

v LULC

v C_Above
v C_Below
v C_Soil

v C_Dead
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Ecosystem Services

| Soil Protection

INVEST
i | AER; = RLKS; — USLE, Sttt
WYY  Inputdata | USLE; = R; - K; - LS; - C; - Py Output data
H
v DEM v" Soil Erodibility
v LULC v" Biophysical Table
v’ FErosivity | | v/ Watersheds

v Threshold Flow Accumulation

v Borselli K Parameter

v" Maximum L Value
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Ecosystem Services

4 | 765 (1 AET(x)>><P(x)
x)=|(1-
R 4 Input data | P(x)

v Precipitation | | v/ LULC

Output data 1

v Evapotranspiration

v Root Restricting Layer Depth

v Plant Available Water Content

v' 7 Parameter v" Watersheds

v Biophysical parameters
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Ecosystem Services

| WaterRetention

e T T T T @
‘ YS = — 254 1

R ‘I nputdata | CNII = 6 x iVEG + 9 x iPERM +3 x iSLOPE + 10 |

v LULC

4 Permeability

4 Drainage Capacity
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Ecosystem Services

| Nutrient Delivery
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Ecosystem Services analysis
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Ecosystem Services changes analysis
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. Ecosystem Services maps at local scale / large scale (TIQ D letue

Ecosystem Services changes 1945- 2022
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. Ecosystem Services maps at local scale / large scale (ffé) D letue

Ecosystem Services status 2022
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Matura 2000

. ppGIS/webGIS LIFE IP 4 NATURA () E&c Zobpe

The site PPQS ©

LIFE-IP4 NATURA

Ead) °"j Home The LIFE-IP 4 NATURA project v Natura 2000 v News Multimedia v PAF 2021-2027 v Cor N - . .
m Fom Covus Public Participation Geographic
, Information System for ecosystem
B services

NATURA 2000
LIFE-IP4 NATURA

In Greece, the Natura 2000 network consists of 446 sites, which
cover approximately 28% of the country's land and 20% of the
country’s seas. These sites offer protection to a total of 299 plant
and animal species, 177 bird species and 89 habitat types.

Natura 2000 sites are the most ecologically valuable areas in our
country, with multiple economic and social benefits for the local
communities.

v f() Ed Zobue ’
L!ﬂ Y ey ~
Public Participation Geographic P
Information System for ecosystem I
services pp e- earnlng

e LIFE-IP 2 NATURA =

Edo Jolpe ¢

Naturs 2000 ~

¥ )&

e-learning

https://edozoume.gr/

LEARN MORE
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B PpGIS/webGIS LIFE IP 4 NATURA () EcZobpe

Public Participation GIS P GiS/WebGIS Practical Guide LppGiS/WebGIS Technical Report [ENLGR

\/ Public Part|C|pat|on Web Applications 4 Story maps

Story Maps the National Parks of Greece

The following applications present information on the ecosystem types, ecosystem services, protection zones and other thematic
units conceming the National Parks of the country

Local Scale

National Marine Park of
Alonissos Northern
Sporades

Eastern Macedonia
and Thrace

National Park of
National Park of
The web-based Public Parficipation Geographic Information System of the LIFE-IP 4 Natura project (ppGlS/webGIS LIFE-IP 4 National P!_:lk of Northern

NATURA), presents at a national scale the ecosystem services (such as timber production, climate regulation, erosion regulation,
recreation provision, etc.) that Greek ecosystems offer to the public. The ppGIS/webGIS LIFE-IP 4 NATURA was designed and
developed within the framework of the LIFE-IP 4 Natura project by the Aristotle University of Thessaloniki - School of Rural and
Surveying Engineering, in collaboration with the University of Patras - Department of Biology, the Natural Environment and Climate
Change Agency (NECCA), the Greek Ministry of Environment and Energy and WWF Greece.

Helmos-Vouraikos

B P T

P~

Navigate All

v" Explore the Dara v Public Participation Mobile App L,
".Publlc Porhcxpohon Mobile Appllcohonsru I PhOtogra ph |C COI‘\tEStS

ois for you to nd h
Photographic Contests

Explore the Data

\ge cround speciic.godls and Il

Provisioning Regulation and Cultural
Services Maintenance Services IS S
Services W ppu

LIFE1P ; NATURA First Photographic Contest ‘Click in Nature'

Contest of 2020-2021

i W

4 Geospatial tools and data

Adminisirative il Geospatial Tools and Data
Boundaries Data . . - . i . N Contest of 2021-2022

National Scale Datasets and geospatial tools for navigation, queting, and visualision are provided. Furthermore, applications to
27
A /,,, é

Second Photographic Contest 'Click in Nature II'

demonsirate the study areas information are available to the users.

Geo tools Data Study Areas ES ped Ia
? \ H|. e ES-pedia
h 2" f a A _ LIFE-IP 4 NATURA, is the first unified Life (Life Integrated Project — LIFE-IP) for Greece. It is the most important

project in Greece that aims at Environmental protection. More detailed information is provided on the ES-
pedia platform.

https://gis-natura.gr/
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Geotools

Story Map with data organized per category

The following application provides user friendly access to the main WebGIS Data. The data is / Sto ry m a p d ata O rga n ized pe r Catego ry

organized per thematic category and additional tool for quetying and downloading are

provided.
DATA ON ECOSYSTEM SERVICES
[z Report on pressures for the
Main WebGIS coosniems ond 5 ADMINISTRATIVE &
Main WebGIS ] >
I: The following application provides user friendly access to the 42 ENVIRONMENTAL
main WebGIS Data. The data are categorized and easy fo use
PP 1o0ls for search and data download are provided. You can RESOURCES BOUNDARIES
LIFE-IP4 NATURA navigate in the webGIS features through the manual "Story
Map"

» AESTHETIC FORESTS

> 2 ECOSYSTEM TYPES-LAND

COVER

} PROVISIONING ECOSYSTEM
SERVICES

SERVICES -

> 4 REGULATION ECOSYSTEM
ENVIRONMENTAL QUALITY

} REGULATION ECOSYSTEM
SERVICES - BIODIVERSITY

} 6 CULTURAL ECOSYSTEM
SERVICES

-i-| 41.377 43.994 Degrees | A

LS

n 7

LIFE-IP4 NATURA
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4 Regulating & maintenance Ecosystem services

Geotools — WebGIS e

v" Administrative & Environmental resources boundaries

e WebGIS LIFE-IP 4 NATURA

- BESITETENEEY

v Ecosystem types — land cover

;._ WebGIS LIFE-IP 4 NATURA
- e

4 3

pp“@!g

LIFE-IP4 NATURA

fge DL
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{ ) Edw Jobpe

Matura 2000

The app

' Google Play nayvisa  Egapuoyéc  Tawies  Biphia  Nawbwé

LIFE-IP4 NATURA

AUTH - Lab of Photogrammetry and Remote Sensing (":; . g

? LIFE-IP4; NATURA

LTolyeia emukovwviag ~
TIPOYPAUNATLOTH

@ lotéronoc
htps://gis-natura.gr

2 Hhextpoviké taxudpopeio
Info-ofypeka@prv.ypeka.gr

v
https://gis-natura.gr/collaboration

SCAN ME

International Workshop On Earth Observation For SEEA Compliant Natural Capital Accounting

LIFE IP 4 Nature in Greece

. PPEiS A

“E-IP 4 NATURA Eng

Report ES
Pressures

ES Evaluation -

National scale

ES Evaluation -
Local scale

pp%ig

LIFE-IP 4 NATURA

Athens, Wednesday, May, 22



. ppGIS/webGIS LIFE IP 4 NATURA

CD {olpue
Matura 2000

Add Location

Move the cursor on the Map to select |

MoUG €O
1 \

+ 65.6 ft

40.628N 022.960E

&

ES Pressure

Agriculture

Urban

Forests, woodlands and
grasslands

Fresh Water

Marine Water

ES Pressure recognized in the area;

Select ES Pressure

©  Burning for agriculture v

o Agricultural activities generating point or diffuse
source pollution to surface or ground waters

o Agricultural activities generating air pollution
-] Agricultural activities generating marine pollution

o Agricultural activities generating soil pollution

Active pumping from groundwater, surface water
or mixed water for agriculture

o Other

£ o000

Add Details

Other (Description)

What is your assessment of the impact of the pressure(s) on the biotic and

abiotic provisioning ecosystem services in the area?

Low

What is your assessment of the impact(s) of the pressure(s) on regulating

and maintenance ecosystem services in the region?

Low

What is your assessment of the impact(s) of the pressure(s) on cultural

ecosystem services in the region?

Low

w255

0/1000

:
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The app

Insert Content Report
Add photos with 6 pixels limit. Video and Sound © Provisioning Thank you
c P o ) limited to one. Larger Images will be downgraded to
rovisioning -
Add Details Location #
goopA|.-rr -
- Media #
e Regulatory and Conservation s T S ﬁ T Y W™ o
Rating: 1 v
Details #
e Cultural Hunting Cultivation for fodder/grazing, 5
1
e r Hunting
1
Rating: 1
Fishery: Successful Submission.
1
Fishery Timber, firewood:
1
Wwr ot ox Non-wood products (Wild
1
Rating: 1 Medicinal plants:
1
Timber, firewood Genetic resources (e.g. seeds
1
1
Rating: 1 Water for non-drinking purpod pp g . :
Non-wood products (Wild fruits, greens, mushrooms, etc.) Save
k l LIFE-IP . NATURA
“ ] “
|
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LIFE-IP 4 NATURA

Thank you!
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